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INTRODUCTION 
The effects of virus diseases on fruit trees are so 
diverse that the economic loss they cause is often diffi¬ 
cult to estimate. Many virus diseases affect primarily the 
growth and productivity of the tree and may or may not cause 
symptoms on the fruit. Some viruses reduce fruit size and 
color (Posnette and Cropley, 1965, while others cause vi¬ 
sible symptoms on the fruit. 
Pruits have long been valued by man for their attrac¬ 
tive flavor, appearance and texture; in more recent years 
their vitamin content has also become recognized. In all 
these properties, sugars, either in the free state or as com¬ 
ponents of larger molecules, play an important role. Taste 
and flavor are fundamentally the result of the balance be¬ 
tween sugars and acids, and glycosides are often constitu¬ 
ents of special flavors. In addition, the attractive colors 
of many fruits are due to sugar derivatives of anthocyani- 
dins (Whiting, 1970). Apples, in particular, are used in a 
variety of ways such as fresh, cooked, baked, and canned, and 
the amounts of sugars and organic acids in the apples may 
influence the quality of the products derived from the 
fruits (Smock and Neubert, 1950). 
During the early stages of fruit growth the developing 
fruits are nurtured, in part at least, by the ovary, sepals, 
and receptacle, which are normally green and capable of 
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photosynthesis. When the fruit is small these organs play 
an important part in its nutrition (Whiting, 1970). Photo¬ 
synthesis in the young green fruits may lead to the pro¬ 
duction of sugars within the fruits themselves (Ulrich, 
1970). However, as the fruit grows, the main source of 
nutrition is the leaf, with D-glucitol being the main trans- 
locatory sugar in apples. 
The immediate precursors of organic acids are in 
general either sugars or other organic acids (Whiting, 1970). 
Also, there are reasons for believing that a large part of 
the organic acids are translocated from the leaves or roots 
to the fruits (Ulrich, 1970). Therefore, a part of the 
acids in fruits may enter preformed, while others are formed 
from carbohydrates. 
It seems logical, therefore, to assume that if the 
photosynthetic ability of leaf tissue is impaired, as it 
generally is in virus infection, then this might be reflec¬ 
ted in the organic acid and sugar composition of the fruit. 
Also, research with other virus-infected tissues has indi¬ 
cated that viruses may affect the concentrations of various 
types of compounds, and it seems possible that virus multi¬ 
plication within the fruit itself, if indeed it does occur, 
may alter the amounts of organic acids and sugars. Since 
sugars and organic acids play a central role in plant me¬ 
tabolism, research in this area appeared desirable both for 
elucidating the basic aspects of the physiology of virus- 
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infected fruit and for possible practical applications* 
Moreover, apples are consumed either fresh following 
harvest, or after several months of storage. In fact, 
apples are kept in storage longer than any other fleshy 
fruits, and keeping quality of apples is influenced greatly 
by the respiratory metabolism of the apple tissues, which in 
turn is directly related to sugars and organic acids. In 
addition, virus infection of plants is known to affect the 
respiration of tissues resulting in either an increase or 
decrease, depending on the situation. Also, in many virus 
diseases the general pattern of metabolic changes appears to 
resemble an accelerated aging process. Therefore, it ap¬ 
peared desirable to determine whether virus infection of the 
trees, or of the fruits themselves, affects either the res¬ 
piration of fruits during their development on the trees, or 
whether it affects either the onset or height of the normal 
respiratory climacteric, a heightened increase in respira¬ 
tion which occurs just prior to maturation of the fruits, 




APPLE MOSAIC VIRUS 
Apple mosaic virus has "been reported from many grow¬ 
ing areas of the world and is probably present wherever 
apples are grown as a commercial crop (McCrum et al., I960), 
Many cultivars of apples show symptoms when infected with 
this virus, although considerable variation has been found 
to exist among Malus sp. with regard to susceptibility 
(Kegler, 1959). In general, apple seedlings are quite 
sensitive to the virus. 
The leaves of apple mosaic infected trees contain 
cream-colored areas which often coalesce and produce large 
areas of non-green tissue; or, mosaic of the infected leaves 
may occur, with an alternation of light and dark green 
areas. Not all leaves on a tree display symptoms, and 
leaves that exhibit severe symptoms in the early part of the 
season may later develop large necrotic areas and drop pre¬ 
maturely from the tree (Bradford and Joley, 1935; Me Crum et 
al., I960). Gilmer (1958) reported that temperatures above 
80°P seem to mask the symptom development, so that leaves 
that develop during periods of high temperatures do not seem 
to be diseased. 
Eruits from mosaic-infected trees generally display no 
symptoms of virus infection, although Posnette and Cropley 
(1956) report that severely infected trees of the Lord 
Lambourne cultivar may develop cream-colored patches on 
the fruit in addition to reddish-brown streaks on the bark 
of young shoots. Also, phloem necrosis has been reported in 
< 
root tips and tap roots and stems of inoculated trees 
(Christow, 1934). 
In general, apple mosaic virus results in a reduction 
of tree growth, and yield, reduction in some cases being as 
much as 55$ (Harris, 1956; Hockey, 1943; Posnette and 
Cropley, 1956, 1969). 
RUSSET RING- VIRUS 
Russet ring virus of apple (RRV), in contrast with AMV, 
produces both foliar and fruit symptoms. The name russet 
ring was used by Reeves and Cheney (i960) to describe a 
graft—transmissible fruit disorder on Golden Delicious 
apples, which was accompanied by foliar symptoms similar to 
those of leaf pucker, another graft-transmissible disorder 
of apple discovered in British Columbia (Welsh and Keane, 
1957). These disorders may form a single disease complex. 
Russet ring symptoms on the fruit have been observed since 
1935 in the State of Washington (Starcher, I960), and simi¬ 
lar russet ring symptoms have been seen in Indiana (McCrum 
et al., I960) and on McIntosh apples in Massachusetts 
(Agrios, 1965). 
foliar symptoms of russet ring appear on the first- 
formed leaves in the early spring* Leaves appear dwarfed 
and puckered with chlorotic flecking and ring-shaped fig- 
ures, particularly around the veins. The puckering and 
flecking become less evident as the season progresses, but 
the chlorotic flecking persists. There is often a complete, 
or almost complete, masking of symptoms on leaves formed 
during hot weather (Reeves and Cheney, I960). 
Fruit symptoms may vary within a single cultivar and 
among the cultivars infected. Young fruits from RRV-infect¬ 
ed McIntosh trees often exhibit small depressions within 
which the skin is abnormally pigmented, and which tend to 
disappear as the fruit matures. This is often accompanied 
by russet ring patterns on the skin, more often near the 
calyx end, which tend to increase in size as the fruit ma¬ 
tures resulting in irregular ring-like configurations on the 
fruit surface (Agrios, 1965) • Apples of the Golden Delicious 
cultivar also exhibit distinct russet ring symptoms (Reeves 
and Cheney, I960). 
The severity of symptoms on infected trees varies from 
year to year and appears to be temperature dependent (Reeves 
and Cheney, I960). No fruit symptoms appear in seasons with 
early warm sunny weather, and only the first-formed leaves 
develop rings, flecking, and puckering. On the other hand, 
frui i/ russeting occurs in cool summers with foliar symptoms 
continuing to develop on leaves formed throughout most of the 
growing season. lortunately for the purposes of the present 
study, both foliar and fruit symptoms were exhibited during 
each of the years that samples were collected. 
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EFFECTS OF VIRUS INFECTION ON THE BIOCHEMISTRY OF LEAP 
TISSUE FROM FRUIT TREES 
Although no previous attempts have been made to eluci¬ 
date the chemical changes induced in the fruit by virus in¬ 
fection, a few attempts have been made to determine the ef¬ 
fects of virus infection on the biochemistry of leaf tissue 
from apple and other fruit trees. 
Millikan and Pickett (1964 a,b) found that virus-infec¬ 
ted apple leaf tissue contained more protein, but less carbo¬ 
hydrate, RNA, DNA, and zinc than healthy material. In addi- 
tion, Prunus mahaleb leaves doubly infected with certain 
viruses and sampled several months after infection when leaf 
symptoms had disappeared showed a reduction in DNA content 
per unit dry weight of about 20^ and a similar drop in RNA 
content (Honeycutt and Millikan, 1964). However, in the ab¬ 
sence of other data, it is not possible to determine whether 
the virus infections resulted in a reduced nucleic acid con¬ 
tent or in an increase in dry weight constituents compared 
to the control. Considerable variation has been shown in 
the free amino acids and amides in healthy and virus- 
diseased cherry and peach leaves (Diener and Law, 1954; 
Diener, I960), and in the nucleic acid composition of cherry 
leaves collected from ring spot-infected and disease-free 
cherry (Millikan, 1954), depending on the strain of the virus 
and the sensitivity of the cultivar. 
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EFFECTS OF VIRUS INFECTION ON ORGANIC ACIDS 
Much of the initial concern with organic acids and vi- 
f 
ruses arose when a number of workers observed that virus 
multiplication is stimulated by feeding organic acids to the 
affected tissues (Nour-Eldin, 1955: Schlegel, 1957). Most 
of the organic acids tested were found to stimulate virus 
production. However, when labeled organic acids were used 
(Schlegel and Wittman, 1958), very little of the label was 
found in the virus. It was concluded that stimulation of 
virus synthesis by organic acids was not due to the specific 
requirement of organic acids for virus multiplication. 
Moreover, Wiltshire (1956 a,b) found no correlation between 
the concentration of various organic acids in bean leaves 
and changes in susceptibility of the plants to tobacco ne¬ 
crosis virus. 
Schlegel (1958) studied the overall effects of TMV in¬ 
fection on the organic acid composition of Turkish tobacco 
plants, and found that it was remarkably small when leaves 
from intact plants were analyzed. However, he found low 
amounts of glyceric acid and more citric acid in leaves de¬ 
tached from the plant and inoculated with TMV, as compared 
to detached healthy leaves. No significant differences were 
obtained in the amounts of the other acids. 
Carangal et al. (1955) also found no significant 
changes in the content of various organic acids in mature 
leaves from abaca mosaic infected plants, but Henke (1954) 
showed a marked increase in both the citric acid and total 
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acids of yellows-diseased sugar beets. Similarly, Wiltshire 
(1955) reported that tobacco necrosis virus-infected French 
beans contained more citric, malic, and isocitric acids, but 
only half as much succinic and fumaric acids as the healthy 
plants. These changes also occurred in detached leaves 
floated on water. Venekamp (1959), studying the influence 
of several viruses on the concentrations of organic acids 
in a number of herbaceous plants, found that in general dur¬ 
ing the development of the plants the content of organic 
acids, particularly of oxalic, malic, and citric acids, is 
higher in diseased plants than in healthy ones, or the or¬ 
ganic acid content remains unchanged during the first week 
after inoculation. The higher concentrations of the acids 
in tobacco could be shown very clearly as early as one week 
after infection, at which time the symptoms were not yet 
visible. The same increase occurred in the case of tomatoes 
infected v/ith one of several viruses. 
Porter and Weinstein (i960) measured the contents of 
malic and citric acids in Nicotiana tabacum following inocu¬ 
lation with cucumber mosaic virus. In general, there was a 
decrease in these two acids compared to the control, and 
this decrease was greater with time after inoculation but 
decreased thereafter. 
Taniguchi (1962) could detect no differences in the 
amounts of any individual organic acids between healthy and 
TMV-infected tobacco leaves floated on water. On the other 
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hand, there were significant differences in the amounts of 
malic and citric acids in the tissues inoculated with TMV 
on the lower side and incubated on succinate. The author 
suggests that succinate is absorbed and transformed to 
malic. 
EFFECTS OF VIRUS INFECTION ON CARBOHYDRATES 
Some viruses appear to have little effect on carbohy¬ 
drates in the leaves while others may alter both their rate 
of synthesis and rate of translocation. Virus-induced dis¬ 
turbances of carbohydrate metabolism are responsible for 
the so-called starch lesions. Holmes (1931), working with 
TMV-infected tobacco leaves which do not form local lesions, 
found that after a period of active photosynthesis the sites 
of local infection contain less starch than the neighboring 
non-infected tissues, whereas after a period of darkness, 
infected tissues contain more starch than non-iniected ones. 
These observations suggest that TMV-infected leaves have a 
reduced capacity for synthesizing and degrading starch and 
Diener (1963) suggests that starch is retained in infected 
areas because enzymes concerned with transforming starch 
into sugars, and vice versa, are inactivated. 
Carbohydrate accumulation is also characteristic of 
other virus diseases, among them potato leaf roll (Watson 
and Wilson, 1956) and sugar beet yellows (Watson and Watson, 
195l)• Infection of potatoes with leaf roll virus caused a 
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marked increase of carbohydrates in the leaves, sometimes 2-3 
fold, but a corresponding reduction in the tubers. The de¬ 
crease in total dry weight of potato plants caused by leaf 
roll virus infection was almost entirely accounted for by a 
reduction in the weight of the tubers. The dry weight of 
the leaves and stems was increased, and that of the stolons 
and roots only slightly decreased. A similar situation ex¬ 
ists in sugar beet (Beta vulgaris) leaves infected with beet 
yellows virus. There is also a large (4 fold) accumulation 
of carbohydrates compared with healthy leaves. 
It has been suggested that accumulation of carbohy¬ 
drates in infected leaf tissue is the result of impaired 
translocation due to necrosis or gummosis of the phloem, 
which also occurs in the above-mentioned virus infections. 
In the case of potato leaf roll, however, Murphy (1923) found 
no correlation between the position where starch accumula¬ 
tion first appeared and the first development of phloem 
necrosis. In the case of beet yellows infection where phloem 
gummosis occurs, Watson and Watson (1951) found that when 
leaves were kept in darkness the loss of starch and soluble 
carbohydrates was as great from infected leaves as from 
healthy leaves. They concluded that accumulation of carbo¬ 
hydrates in yellows-infected leaves is due to the effect of 
virus infection on the leaf cells, perhaps involving the en¬ 
zymes which control the inter-conversions of the different 
carbohydrates. Watson (1955) reported that when leaves of 
sugar beet plants were sprayed with a sucrose solution, the 
sucrose content in the roots of both healthy and yellows- 
diseased plants increased, further suggesting that transloca¬ 
tion is not prevented by infection. Benson and Hooker (1968) 
reported that when potato plants immune to potato virus X are 
grafted with a scion of virus X—infected material, the carbo¬ 
hydrate reserves of the root system become depleted while 
starch accumulates above the union, again suggesting no im¬ 
pairment of translocation. 
The following generalizations can be made with regard 
to carbohydrate changes in virus-infected plants: (l) There 
is a rise in glucose, fructose, and sucrose in virus-infected 
leaves (Watson, 1951; G-oodman et al., 1965). (2) Mild 
strains of a virus cause a greater rise in these three sugars 
than do severe strains of the virus. With more severe strains 
the tendency for sugars to accumulate is probably counter¬ 
balanced by severe effects on the photosynthetic apparatus 
(Goodman et al., 1965). 
EFFECTS OB VIRUS INFECTION ON RESPIRATION 
In chronically infected tissues or in inoculated leaves 
not responding with necrosis, workers have reported an in¬ 
crease in respiration (Loebenstein, 1959; Burroughs et al., 
1966; Tu and Ford, 1968), a decrease in respiration (Takahashi; 
1947), or variable effects depending on conditions and 
methods of expressing results (Owen, 1955 a,b, 1957, 1958). 
The work of Owen (1955 b) illustrates the problems in 
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methodology and the form of expression of results in such 
r 
studies: the author found that tobacco plants systemically 
infected with tobacco mosaic virus (TMV) had a slightly re¬ 
duced respiratory rate and also that virus infection caused 
a significant reduction in water content of the detached 
inoculated leaf. Therefore, if results were expressed on a 
fresh-weight basis, an error is introduced favoring an ap¬ 
parent increase in respiratory rate. 
The work of Merrett (i960) also illustrates the impor¬ 
tance of the form of expression of results, especially where 
the disease has progressed far enough to stunt the plant. 
The author measured respiration in stem sections of healthy 
and tomato aucuba mosaic virus-infected tomato plants. If 
results were compared on a fresh weight basis, the virus-in¬ 
fected tissue had a higher respiratory rate. If respiration 
were calculated per internode, the respiratory rate of infect¬ 
ed tissue was less than that of healthy (in advanced infec¬ 
tions there was a marked reduction in growth so that inter¬ 
nodes were shortened and stems were thicker). In addition, 
Takahashi and Hirai (1964, 1965) studied the early effects 
of TMV infection on the 0^ consumption of the lower epi¬ 
dermis of tobacco leaves. Depending on the time after inocu¬ 
lation, they found that respiration can be increased (1-2 
hours after inoculation), unchanged (4 days after inocula¬ 
tion), or decreased (after 4 days). 
This almost immediate respiratory increase in response 
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to virus infection has been detected only with TMV in to¬ 
bacco. Owen (1957, 1958) found that tobacco leaves infected 
with potato virus X or tobacco etch virus did not exhibit this 
early response but rather exhibited a rise in respiration 
when symptoms began to appear. Studies with other viruses 
in other hosts (Bell, 1964; loebenstein, 1959; Menke and 
Walker, 1963) also show that in advanced infections there is 
an increase in respiration per unit weight of tissue associat¬ 
ed with virus infection. Moreover, even tissues with masked 
infections have been shown to have nearly twice the res¬ 
piratory rate of the control (Loebenstein, 1959). 
Ghabrial and Pirone (1967) reported an increase in the 
respiratory rate of leaves of several cultivars of pepper 
(Cansicum sp.) infected with severe etch virus. The increase 
in respiration occurred at the time systemic symptoms became 
visible. The higher rate was then maintained. The situation, 
however, was different in roots. In cultivars in which the 
virus did not cause wilting, no effect on respiration was 
noticed. In Tabasco peppers, which do wilt, respiration in 
roots decreased 12 to 24 hours after an increase in root 
permeability, indicated by release of electrolytes into the 
medium. The decreased respiration occurred about 1 to 2 
days before wilting or any histological changes appeared. 
The authors suggest that decreased respiration in Tabasco 
roots may be due to loss of substrates and enzyme inac oivation. 
A number of workers have reported increased respiratory 
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rates in TMV-infected Nicotiana glutinosa and bean leaves 
(Owen, 1953; Yamaguchi and Hirai, 1959), and in a number of 
r 
other virus-host combinations resulting in local lesions 
(Yamaguchi; I960; Weintraub et al., I960), As to the timing 
of this phenomenon, conflicting results have been reported. 
Some workers have found that respiration did not increase 
until the time of local lesion appearance (Yamaguchi and 
Sunderland & Merrett, 1965, while others have reported that 
the respiratory rise occurred several hours before lesion 
appearance. 
There is a suggestion in a preliminary report by 
Loebenstein and Lindsay (1963) that infection of Datura 
stramonium by TMV (local-lesions) may bring a change in the 
pathway of glucose breakdown from the Embden-Meyerhof-Parnas 
pathway (EMP) to the Hexose Monophosphate Shunt (HMS) path¬ 
way. Parkas et al. (i960) found no clear-cut change in HMS 
enzymes in TMV-infected tobacco (systemic infection); 
however, they did find an increased dehydrogenase activity 
and simultaneous activation of two HMS enzymes (Parkas and 
Solymosy, 1962; Solymosy and Parkas, 1963) around the periph¬ 
ery of local lesions induced in tobacco by the para strain of 
TMV, whereas the enzymes of glycolysis were unaffected. 
This result suggested a change in the pathway for oxidation 
of sugars in the tissue outside the lesion. Bell (1964) 
studied respiration in two cultivars of Pha.seplus vulgaris 
infected with alfafa mosaic and southern bean mosaic viruses. 
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He found that respiration was stimulated most in a host-virus 
combination giving well-defined local lesions, and in this 
case the activity of the HMS pathway was increased. The 
author found no change in the pathway of glucose catabolism 
in virus-host combinations which resulted in systemic in¬ 
fection. Merrett and Sunderland (1967) reported that in¬ 
creased respiration in Xanthi tobacco leaves showing necrotic 
local lesions involved both glycolytic (EMP) and HMS pathways. 
Baur et al. (1967 a,b,c) found that in healthy tobacco 
about 80$ of respiration was by the EMP pathway, and about 
20$ by the HMS. Systemic infection with TMV had no effect 
on this proportion either at 5 days after inoculation, just 
prior to symptom appearance, or at 21 days when the disease 
was well developed. Malonic acid inhibited respiration in 
normal and infected tissue to the same extent, while the 
activity of four enzymes involved in the HMS pathway was the 
same in normal and diseased tissue. This work further sup¬ 
ports the idea that non-necrotic TMV infection does not in¬ 
crease the activity of the HMS pathway. 
To summarize, then: (l) Por many host-virus combina¬ 
tions where systemic infection occurs, there is a sharp rise 
in respiration, which may begin before symptoms are visible, 
and which continues for a while as the disease develops. 
In chronically infected plants respiration may even be lower 
than in healthy plants. There does not appear to be a change 
in the pathway of respiration in the one systemic disease 
17 
studied, (2) In host-virus combinations where local lesions 
develop, there is an increase in respiration as necrosis 
develops, and this increase may he accounted for, at least in 
part, by an activation of the HMS pathway. 
ORGANIC ACID COMPOSITION OP APPLE FRUIT 
Although no work has been carried out to determine how 
viruses affect the physiology of fruits collected from in¬ 
fected trees, there is a vast amount of information on the 
biochemistry and physiology of healthy apple fruits (Hulme, 
1958; Hulme and Rhodes, 1971). 
Hulme and Wooltorton (1957) reported that most of the 
work on changes in acidity in apples prior to the introduction 
of ion-exchange and paper chromatography was confined to de¬ 
termination of total titratable acidity, or total acidity 
and malic acid. Before this time, however, Krotkov et al. 
(1951), using specific chemical reactions of individual acids, 
studied the organic acid metabolism of McIntosh apples during 
growth and storage. They showed that citric acid content 
was never greater than 5°/° of the total acids, and that malic 
acid was the predominant acid of mature fruits, although they 
did report the presence of "other organic acids" which exceed¬ 
ed malic in June but which decreased as the malic content 
increased during the growing season. In 1957, however, Hulme 
and Wooltorton employed the more modern methods of ion ex¬ 
change and silica gel chromatography to study the changes in 
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individual acids in Bramleyfs Seedling apples from 20 days 
after petal fall to maturity. These authors, employing a 
slight modification of the gradient elution system of 
Palmer (1955), determined the presence of malic, quinic, 
and citric acids, Quinic acid was very likely the "other 
organic acid” which Krotkov et al. (1951) were referring 
to, but which they could not identify, Hulme and Wooltorton 
also found chlorogenic acid and possibly other aromatic 
acids on paper chromatograms, but did not determine their 
amounts. No other acids were found in amounts estimable by 
the methods employed. 
They reported that the amount of malic acid increased 
until the end of June and slowly decreased thereafter. 
The concentration of quinic was very high in the young fruits 
but decreased sharply so that at maturity it was less than 
one-tenth of its concentration in young fruit. Citric acid 
was never present in either peel or pulp at concentrations 
greater than 10 mg/100 g tissue, i.e. far less than those of 
the other two acids. Also, citric acid showed considerable 
changes in amount and concentration, its peak concentration 
following immediately after the malic acid peak. Hulme(1958) 
lists several other acids such as succinic and pyruvic, which 
have been reported to be present in very small amounts in 
either whole fruit, pulp or peel. 
Since the advent of ion-exchange and paper or column 
(silica gel) chromatography for organic acid analysis, 
certain modifications of these procedures have come about. 
19 
Wang and Mancini (1965) discuss an improved simple 
gradient elution:system for anion exchange chromatography 
which they developed for separation of organic acids* These 
authors state that their system is more satisfactory than 
previously reported methods of elution in that it gives a 
concave gradient elution curve against time or volume, in 
comparison to an exponential concentration curve and ini¬ 
tially rapid increase of concentration of the eluting re¬ 
agent in the other method (Palmer, 1955). Therefore, the 
change of eluant (formic or acetic acid) concentration was 
very small initially and allowed for the substances eluted 
in advance of malic acid to he separated; with their system, 
Wang and Mancini were able to separate 18 or 25 organic acids 
tested. 
Ulrich (1970) discusses the fact tnat some authors have 
•fcpj^ed to apply gas chromatography to the estimation of or¬ 
ganic acids after esterification. Mazliak and Salsac (1965), 
using gas chromatography, reported the presence in apple 
pulp of pyruvate, glycolate, oxalate, fumarate, citrate and 
isocitrate in very small concentrations, succinate and 
adipate in slightly larger amounts, and, of course, large 
amounts of malate; quinic acid was not detected. 
SUGAR COMPOSITION OP APPLE FRUIT 
Hulme (1958) reports that the bulk of the sugars in 
apples is comprised of sucrose, glucose, and fructose, and 
that most of the studies of sugar changes during growth and 
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senescence (storage) of the fruits have been concerned with 
changes in these sugars, with glucose and fructose often 
being determined together as total reducing sugars. In 
apples, glucose exceeds the fructose concentration during 
the early weeks of growth, after which the glucose concentra¬ 
tion increases up to and just after normal harvest. Sucrose 
is the least abundant of the the three sugars, but apples 
show an increasing sucrose concentration up to normal harvest. 
In addition, examination by paper chromatography of fruit 
juices of Japanese apples has resulted in the finding of 
small amounts of xylose (confirmed by isolation of the 
phenylosazone). Sorbitol, the hexahydroxy alcohol corres¬ 
ponding to sorbose, a ketose, has also been reported in 
anples. It has been shown that in apples tne main sugar 
translocated from the leaves to the fruits is D-glucitol 
(sorbitol). C14 labeled D-glucitol is translocated from 
the leaves at a greater rate than sucrose, and the labeling 
rapidly appears in sugars, amino acids, and phloridzin 
(Williams et al., 1967). 
In 1958 Hulme reported that the method generally em¬ 
ployed for the determination of the major sugar consti¬ 
tuents of apples had not changed much over the previous 25 
years. Copper reduction methods were used for determination 
of reducing sugars, and sucrose was determined by measuring 
the increase in reducing power after hyurol^ysis under standard 
Just prior to that time and since then, paper conditions. 
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chromatography has been used for the separation and identi¬ 
fication of monosaccharides. Generally for estimation of 
concentrations, the chromatograms are sprayed with specific 
reagents such as anthrone or aniline hydrogen phthalate and 
spots, after elution, are read in a spectrophotometer (Block, 
Durrum, Zweig, 1958; Hais and Macek, 1963; Smith, I960). 
Thin-layer chromatography has been less extensively used 
for carbohydrates (Hay et al., 1963). Conversion of sugars 
to volatile derivatives allows gas chromatography to be used 
as a sensitive and accurate method of analysis (Berry, 1966; 
Ludlow et al., 1966). 
RESPIRATION OB APPLE BRUIT 
Krotkov (1941) studied the respiratory metabolism of 
McIntosh apples during their ontogeny. The respiration per 
unit weight of the fruit is high during the cell division 
stage and immediately after its cessation. It then declines 
until maturity when the gradual decrease is reversed by a 
sharp increase known as the climacteric rise, which is the 
beginning of the respiratory climacteric. Ethylene introduced 
into the atmosphere surrounding unripe apples will cause them 
to ripen and it has been shown that endogenous production of 
ethylene immediately precedes the climacteric rise in res¬ 
piration and the onset of ripening (Neigh et al. 1967). 
This endogenous ethylene production initiates an increase in 
many of the enzyme processes associated with ripening (Hulme 
et al. 1968). Rhodes (1970) defines the climacteric as a 
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period in the ontogeny of certain fruits during which a series 
of "biochemical changes is initiated hy the autocatalytic 
production of ethylene, marking the change from growth to 
senescence and involving an increase in respiration and 
leading to ripening. 
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MATERIALS AND METHODS 
SOURCE OF MATERIAL 
McIntosh apple trees infected with either apple russet 
ring virus (RRV) or apple mosaic virus (AMV) were found 
growing in two separate locations within the same commercial 
orchard in Ashby, Massachusetts. The presence of virus in¬ 
fections in these trees was based on symptomatology and on 
the graft transmission of those symptoms to McIntosh apple 
trees grown at the University of Massachusetts experimental 
orchard in Amherst and in Belchertown, Massachusetts. 
Foliar symptoms in the case of AMV-infected trees, and 
both foliar and fruit symptoms in the case of the RRV- 
infected trees, were present during the growing seasons of 
each of the years that the study was conducted. Fruits were 
collected from a total of three RRY-infected and two AMV- 
inf ected trees, and from a similar number of healthy control 
trees growing in the immediate vicinity of the respective 
virus-infected trees. Collections were made during the 
growing season and at commercial harvest in a randomized 
fashion, although care was always taken to collect fruits 
from areas on the trees where distinct foliar symptoms were 
present. In the case of the RRV-infected trees, fruits with 
russet rings were chosen, when possible* 
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LATENT VIRUSES 
•" 1 r ' " 1 
In order to discount the possibility of other latent 
virus infections in either the healthy or the AMV and RRV- 
infected trees, mechanical inoculations were carried out. 
Chlorotic leaf spot virus (CLSV), the virus most likely to 
be present in a latent form within the trees, is easily 
transmitted mechanically from apple leaves to Chenopodium 
quinoa or C. amarantico1or plants* (Cropley, 1963; Lister 
et al* 1965). On the other hand, only one strain of AMV has 
been reported to be transmitted by mechanical inoculation 
to Chenopodium plants (Yarwood, 1955), and there has been 
no success in our laboratory to transmit AMV to an herbaceous 
host by mechanical means. Moreover, RRV has been transmitted 
mechanically to Chenopodium plants only two or three times 
after several hundred attempts. 
Therefore, 5 gms. of petals and/or young leaves col¬ 
lected from virus-diseased and healthy trees were homogenized 
in 0.05M potassium phosphate buffer, pH 7.0, containing 0.01 
M sodium diethyldithiocarbamate (DIECA) and 0.01 M cysteine 
hydrochloride. Each extract was filtered through cheesecloth 
and used to mechanically inoculate the leaves of pre¬ 
darkened Chenopodium quinoa plants which had been dusted with 
Celite. After inoculation, the plants were washed with water 
and kept in the greenhouse where they were observed for at 
least four weeks. No viral symptoms were produced on the 
inoculated plants, and on this basis the AMV and RRV-infected 
trees, and their respective controls, were judged to be free 
of latent virus infections, 
PREPARATION OF PREEZE-DRIBD EXTRACTS 
Pruits were collected from the virus-infected and 
control trees on June 16, July 18, August 19, and September 
21 in 1968, and on June 24, July 28, August 25, and September 
17 in 1970, These fruits were stored in the coldroom at 
4°C prior to their being sectioned for freezedrying. 
Sections of apple fruit tissue, minus the peel, were 
obtained from the young fruits harvested in June and July by 
using a # 12 cork borer which had been dipped in a Vfo 
ascorbic acid solution. One or two sections were taken from 
each fruit and dipped quickly in the ascorbic acid solution 
to prevent the rapid browning of the tissue which would other¬ 
wise result. In the case of the older fruits (August and 
September), a commercial napple-pear slicern was used to cut 
the peeled fruits into eight equal sections and to remove 
the core from these fruits. Pour of the eight slices were 
discarded(alternate slices), while the other four slices we re 
cut into smaller slices, after any adhering ovary wall 
(exocarp) had been removed. 
All slices were then quickly frozen at -55 to -60°P 
by placing them in a flat bottomed dish which was then placed 
in a 78^ ethanol bath in a Thermovac freezer. Approximately 
20-30 of each of the four kinds of apples (AMY, RRV, and 
two separate controls) were used* After they had "been 
frozen, the apple sections were mixed well so that subsequent 
selection of apple slices would be at random. 
Approximately 40-gram lots of these sections were placed 
in previously-weighed Thermovac vacuum flasks; after addition 
of the apple slices the flasks were weighed again to deter¬ 
mine the weight of the sections added. The flasks were then 
attached to a Thermovac Freeze-Drier cooled to less then 
-65° F, and the tissue was dried continuously for 2-3 days. 
The flasks were then re-weighed to determine the dry weights 
of the apple slices, and the freeze-dried sections were then 
ground to a fine powder using a mortar and pestle. The powder 
was placed in the freezer (-18°F) for subsequent analysis of 
organic acids and sugars. 
EXTRACTION PROCEDURE FOR ORGANIC ACID ADD SUG-AR ANALYSIS 
As depicted in the flow diagram of Figure 1, one hundred 
milligram quantities of the freeze-dried tissue (except in 
the case of the September fruits where 200 mg. amounts were 
used) were homogenized using a small ground-glass homogenizer 
(Pyrex No. 7725) and a small portion of a 25 ml. volume of 
boiling 80fo ethanol. The homogenate was then placed into a 
50 ml. polypropylene centrifuge tube along with the remainder 
of the 80fo ethanol which had been used to rinse out the glass 
homogenizer. The mixture was centifuged at 30 20 g for 10 
minutes in the SS-34 rotor of a Sorvall RC 2-B refrigerated 
centrifuge. 
Figure 1 Flow diagram of the procedure used for 
organic acid and sugar determination 
100 mg Preeze-dried tissue 
1 
Homogenized & Centrifuged three times 
in 25 ml vols. 80°/o ethanol 
i 
Supernatants combined 
Reduced to dryness 
Redissolved in 25 ml H^O 
Placed on cation resin column 
Column washed with two 25 ml vols. HpO 
Effluent passed through 
anion resin column 
Washed as above with H^O 
Effluent reduced to dryness, 
Redissolved in 5 ml HpO 
Prozen for later determinations 
of sugars 
Organic acids eluted from 
anion column with in¬ 
creasing concentrations 
of formic acid 
5 ml fractions collected 
Reduced to dryness 
Titrated with sodium 
hydroxide 
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The supernatant from this centrifugation was saved, 
while the pellet was resuspended and centrifuged twice more 
using 25 ml. volumes of boiling 80% ethanol. The supernatants 
from the three centrifugations were combined and reduced to 
dryness in a Buchler flash evaporator at 37°C. The dried 
material was redissolved in 25 ml. of distilled deionized 
water, and this mixture was then passed through a 1 x 24 
cm. Dowex cation-exchange column (Dowex 50W x-2, 50-100 
mesh, Baker Chemical Co. Lot # 52281; or Lot # 190B-1370-1, 
Sigma Chemical Co., 100 mesh), which had been washed with 
deionized water prior to use. The column was thenrrinsed 
twice with 25 ml. volumes of deionized-distilled water. 
The effluent from the cation column was passed through a 
1.3 x 25 cm. Bowex anion-exchange column in the formate form 
(Dowex 1 x-8, 100-200 mesh, Baker Chemical Co. Lot # 22460; 
or Lot # 500-1160, Sigma Chemical Co., 200 mesh). The anion 
resin, originally in the chloride form, had been converted 
to the formate form, with either 2N formic acid or 2N sodium 
formate, until the effluent no longer responded positively 
for the chloride ion with 0.2 M silver nitrate; the resin 
was then washed with distilled v/ater until the pH of the 
effluent was that of distilled v/ater. The anion resin column 
v/as then rinsed v/ith 25 ml. volumes of deionized water, and 
the effluent was reduced to dryness in a flash evaporator at 
37°C. The dried material, containing the sugars, was redis¬ 
solved in 5 ml. of deionized water and stored in small vials 
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in the freezer for subsequent analysis, of sugars by paper 
chromatography. 
The anion resin column, containing the organic acids 
was placed on a fraction collector and 5 ml. fractions were 
collected after passage of formic acid through the column, 
using one of the two gradient elution systems described in 
the next section. The 5 ml. fractions v/ere placed in a 37°C 
constant-temperature water bath and reduced to dryness using 
a stream of air from a vacuum pump and the glass air mani¬ 
folds described by Palmer (1955). One ml. of deionized water 
was added to each of the dried tubes, along with one drop of 
a 0.02$ phenol red solution (Pisher # SO-1-24), and the con¬ 
tents were titrated to the phenol red end-point with 0.01 N 
sodium hydroxide. 
GRADIENT ELUTION SYSTEMS 
1. Wang and Maneinifs system. The gradient elution 
system of Wang and Maneini(1965) is shown in Figure 2, and 
can be described briefly as follows: The system consists 
of two 2-liter aspirator bottles: one (A) serves as a mixing 
vessel while the other (B) serves as an acid reservoir. 
Vessel A was placed on a magnetic stirrer in order that 
rapid mixing of the solution in the mixing vessel could be 
achieved. These two vessels were connected by two pieces of 
glass tubing (capillary tubing, 0.5mm x 15 cm., C-^; and regu¬ 
lar tubing, 4 mm x 13 cm., C^), which were arranged parallel 
to each other by Y connectors. A glass T was used to connect 
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Figure Gradient elution apparatus according to Wang and 
Mancini (1965). 
A= Mixing vessel; B = acid reservoir; C-, and 0o = capi¬ 
llary tuDing and regular glass connecting-cubing, resoec- 
+iVeiy* x° = outlet leading to anion resin column set'up on 
the fraction collector. * 
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the two vessels through the top for the application of air 
pressure♦ An outlet (0) consisted of two pieces of glass 
tubing (the upper piece, 0.5 mm. x 17 cm., and the lower 
piece, 2.5 mm x 18 cm, connected together with a piece of 
gum rubber tubing) leading from the mixing vessel to the 
anion column. The mixing vessel (A) contained 1200 ml. of 
distilled water while 1200 ml. of 6N formic acid was added to 
the acid reservoir (B) with the clamps on both and re¬ 
maining closed. The tubing at C1 and C2 was filled with wa¬ 
ter prior to the introduction of the solvent into either 
vessel. 
The column chromatography was begun by applying air 
pressure to the system and opening the clamp of C1. The flow 
of the eluant was regulated to give a flow rate of 1 ml. per 
minute. One hundred eighty 5 ml. fractions were collected 
and then C2 was opened and elution continued with eluant 
containing increased concentrations of formic acid. Accord¬ 
ing to the authors, this gives a ratio of 2:1 (after the 
180th fraction) between the amounts of solutions drawn from 
the mixing vessel and acid reservoir, respectively. 
2. Palmer*s system. The system of Palmer (1955) is 
diagrammed in Figure 3, and can be briefly described as 
follows: It consists of a reservoir (A) 500 ml. filter flask 
containing the eluting agent (4 N formic acid), and a mixing 
vessel (B) (250 ml. filter flask) initially containing 210 
ml. of deionized, distilled water. A magnetic stirrer is in 
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Collector 
Figure 3. Gradient elution apparatus of Palmer (1955). 
A = reservoir, containing 4 N formic acid 
B = mixing vessel 
C = magnetic stirrer 
D = adjustable hose clamp 
E = section of rubber tubing for flexibility 
E = inlet for air pressure 
RC = resin column 
The glass tubing is heavy-walled capillary tubing of 
approximately 1 mm inside diameter. 
the mixing vessel ensures rapid mixing of the added acid. 
The resin column (RC) is connected with gum rubber tubing. 
To operate the apparatus, air pressure was turned on with 
the clamp (D) open. Water from the mixing vessel was there¬ 
by forced into the column and the pressure was adjusted to 
provide a flow rate of approximately 1 ml./minute. After 
this rate was established, the clamp (D) was closed, and the 
acid passed over into the mixing vessel. 
Because of the nature of Palmer's system, the two major 
acids of apple fruits could be collected in 45-50 fractions, 
compared to 90-100 fractions with the method of Wang and 
Mancini. Therefore, Palmer's gradient elution system allowed 
a more rapid analysis of the organic acids, and although the 
system of Wang and Mancini was used to obtain most of the 
data from the 1968 season, the system of Palmer v/as employed 
to obtain some of the third replicates of the 1968 data and 
all of the 1970 data. 
GAS CHROMATOGRAPHY OP ORGANIC ACIDS. 
Preliminary experiments were carried out to determine 
whether the use of gas chromatography might enable a more 
rapid analysis of the organic acid composition of the freeze- 
dried apple fruit tissue. Por this purpose, the extraction 
procedure scheme described earlier was followed, except that 
50 milligram samples of the freeze-dried tissue were used. 
Passage of the material through cation and anion exchange 
resin columns was necessary to suitably prepare the material 
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for analysis by gas chromatography. 
The organic acids v/ere removed from the anion resin 
column by passing 100 ml. of 6N formic acid through the col¬ 
umn. The effluent was taken to dryness in the flash evapora¬ 
tor and redissolved with 2 ml. of methanol for transfer to 
a small screw-capped vial. The material was then concentrat¬ 
ed further with a stream of nitrogen gas. The acids present 
were esterified with boron trifluoride. 
The methyl esters of apple pulp tissue were analyzed 
by gas chromatography using a 6 ft. coil-chaped stainless 
steel column (l/8M O.D.), packed with 6$ DEG-S (diethylene 
glycol succinate), 3/£ OV 17 on 80-100 mesh Diatoport-S in a 
Hewlett Packard Research Chromatograph, Model 5650, at temp- 
eratures programmed between 79-180°C, using a flame detector 
with a helium carrier gas flow rate of 25 ml/minute. 
* 
ANALYSIS OP SUGARS. 
1) Thin-Layer Chromatography. Because thin-layer 
chromatography (TLC) is considerably more rapid than paper 
chromatography, preliminary experiments were carried out to 
explore the possibility of using TLC for the separation and 
quantitative estimation of the three major sugars in the 
fruit tissue. 
Standard solutions (containing 2 mg/ml) of glucose, 
fructose, and sucrose were prepared, fifteen ul samples of 
each of these sugars, and a mixture of the three, were an- 
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plied to the origin of a prepared sheet of ITLC (Instant Thin 
layer Chromatography) type SA (silicic acid) (G-elman Instru¬ 
ment Co.), which had been previously impregnated with 0.5^ 
KCL. The sheet was developed 3 or 4 times in the ascending 
direction using ethyl acetate, pyridine, and water (8:2:1 v/v), 
and then dipped in aniline diphenylamine (5:5:1 v/v), and 
heated at 100°C for color differentiation of the sugars 
(Block et al. 1958; Smith, I960). Fairly good separation of 
the three sugars was achieved in a relatively short time 
(approximately one hour for each of the 3 or 4 developments). 
When 5 ul amounts of the actual frozen sugar samples (from 
the freeze-dried tissue) were run on TLC, similar separation 
was obtained. However, when these same chromatograms were 
sprayed with aniline hydrogen phthalate for spectrophoto- 
metric estimation of the concentration of the individual 
sugars (Macek, 1963), extremely low optical density readings 
were obtained, indicating that the concentration of the three 
sugars in 5 ul samples was too small to be accurately de¬ 
termined. On the other hand, when 10, 15, and 20 ul amounts 
were applied to the TLC sheets, poor separation of glucose 
and fructose resulted, probably because of the large amount 
of fructose present. For these reasons the use of TLC was 
not practical. 
2) Paper Chromatography and Quantitative Determination 
of.Sugars. Twenty-five ul amounts of the sugar samples were 
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applied to the origin of Whatman #1 chromatography paper 
(8'i x 22n)> serrated at the bottom. These chromatograms 
were developed in a descending direction for 48 hours in the 
upper layer of a butanol, acetic acid, water (BAW) mixture 
(4:1:5 v/v), while the bottom layer was used to equilibrate 
the chromatography chamber (Block, et al. 1958; Smith, I960). 
The dried chromatograms were sprayed with aniline hydrogen 
phthalate (25 mg/ml, prepared in water-saturated n-butanol), 
air-dried, and heated at 115-120°C for 10 minutes for detec- 
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tion of the sugars. Spots, 4 cm , were eluted off the paper 
with 5 ml of 0.7 N HC1 prepared in 80% ethanol. Color dif¬ 
ferences were measured at 390 mu in a Spectronic 20. Each 
extract was rim in triplicate. 
RESPIRATION STUDIES. 
1) During the Growing Season. A Gilson Differential 
Respirometer was used to measure oxygen consumption and car¬ 
bon dioxide evolution of tissue cylinders of McIntosh apple 
fruits collected during the growing season from healthy and 
from virus-infected trees. 
Bruits were collected on June 24, July 28, August 26, 
and September 26 in 1970, and on June 28, 1971, and kept in 
the refrigerator for 1 or 2 days before the actual measurements 
of respiration could be taken. A number 4 (9 mm) stainless 
steel cork borer was used to remove cylinders of pulp tissue 
just beneath the peel, and approximately the top 1 cm of these 
cylinders was taken for analysis. In the case of the young 
fruits, only two cylinders of tissue were taken per fruit. 
In the case of the fruits from RRV-infected trees, care, was 
taken to remove cylinders from or near the russet rings, but 
this practice was not always possible because of the small¬ 
sized rings on many of the younger fruits. Two tissue 
cylinders were placed in small (7ml) G-ilson flasks containing 
2 ml of a 0.1 M citrate-phosphate buffer, pH 4.2, which had 
been found to be optimum for respiratory rates in apple 
tissue (Smagula, 1967). Oxygen consumption was measured 
by placing 0.2 ml of a 20% KOH solution and a piece of 
filter paper in the center well for the absorption of 00^. 
The center well of other flasks was kept empty so that in 
these cases CO^ evolution minus 0^ consumption was measured. 
Carbon dioxide evolution was determined by adding the values 
obtained for 0^ consumption to those obtained for CO^-O^. 
Ror each sample (virus-infected and healthy) 3 flasks 
were used to measure 0^ concumption and another 3 to measure 
^02”°2* After allowing at least 15 or 30 minutes for temp¬ 
erature equilibration, readings were taken in microliters at 
15 minute intervals over a two hour period. This con¬ 
stituted one "experiment” (employing a total of 12 G-ilson 
flasks), and at least two experiments were run for each 
sample, giving a total of six replicates for 0^ consumption 
and another six for CO^-O^, for both the virus-infected and 
control samples. After each experiment the cylinders v/ere 
removed and dried at 37°C overnight for dry-weight determi- 
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nations. The values obtained were used to express respira¬ 
tion on a dry weight basis. 
2) Respiratory Climacteric. The respiratory climac¬ 
teric of fruits collected from healthy and virus-infected 
trees was determined by measuring carbon dioxide evolution 
of whole mature fruits through the use of a Mine Safety 
Appliances (MSA) Model 200 Infrared Gas Analyzer (IRGA). 
The rate of respiration was calculated by passing CC^-free 
air at a monitored rate through a respiration chamber contai- 
ing the fruit, and measuring the concentration of 00^ in the 
effluent airstream with the IRGA. 
Fruits were collected on September 18, 1969 and September 
17, 1970, just prior to or at the time of commercial harvest 
of the apples. Fruits from three RRY-infected and two 
AMV-infected trees and their respective controls were kept 
separate and placed in the cold-room overnight. The following 
day, the fruits were divided into approximately one kilogram 
lots and kept in paper bags in an air-conditioned lab for 
temperature equilibration. C02 evolution measurements were 
begun the next day and continued each day thereafter for 
approximately two weeks. The fruits in each bag were weighed 
each day, and readings were converted to mg CO^/kg-hr. with 
the use of the following formula: 
Total flow x COp (ppm) x 0,118 
C02 production = _ 
(mg C02/kg_hr>) kg fruit 
where: total flow = overflow (liters/min) + flowmeter 
(SCfH/2) 
overflow = 3 liters/ x sec. x 60 = 180/x= 
liters/min. 
flowmeter is in SCfH (standard cubic ft./hr.) 




Gradient elution of the anion exchange resin columns 
with formic acid consistently revealed the presence of only 
quinic and malic acids, the two major acids found in apple 
fruit tissue. This v/as the case regardless of whether the 
gradient elution system of Wang and Maneini (1965) or that 
of Palmer (1955) was used. Typical elution patterns of 
titratable acidity with these two systems are given in 
Pigures 4A and 4B. Additional small peaks sometimes occurr¬ 
ed just prior to the quinic acid peak when the elution system 
of Wang and Mancini (1965) v/as used, but they did not occur 
consistently. A third acid peak attributed to citric acid, 
which is reported in apple fruit tissue, v/as originally 
thought to be masked by a large titratable peak (much larger 
than the expected citric acid content) which occurred v/ith 
both elution systems in the same area where citric acid was 
expected. This large titratable peak, however, was shown to 
be due to a contaminant of the cation resin, which apparently 
had not been v/ashed sufficiently prior to use. After the 
cation resin had been v/ashed thoroughly so that the large 
titratable peak no longer appeared, citric acid could not be 
detected v/ith either one of the gradient elution systems 
used. When gas chromatography v/as employed (Pig. 5), malic 
Figure 4 . A comparison of chromatograms of acidic 
components resolved by gradient elution 
anion exchange chromatography when the 
gradient elution system used was that of 
A) Wang and Maneini (1965), and B) 
Palmer (1955). 
Anion exchanger = Dowex, 1-x 8, 100-200 
mesn. ^ Five ml, iractions were collected 
in both cases. The extracts chromato¬ 
graphed ^ were prepared from fruits col¬ 
lected in June, 1968, from trees infected 
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acid was routinely detected, but quinic acid was never de¬ 
tected* A very small amount of citric acid was observed 
only by using increased attenuation (sentitivity) and by 
holding the program at its terminal temperature (180°C) for 
approximately 15-20 minutes. A very small amount of fumaric 
acid and a slightly larger amount of succinic acid v/ere 
' also routinely detected by gas chromatography, but the 
succinic acid was shown to be a contaminant of one of the 
resin columns through which the extracts were passed prior 
to chromatography. The location of these various acids was 
determined by chromatographing known organic acids, and by 
adding them to the fruit extracts prior to gas chromatographic 
analysis. 
In order to determine the efficiency of the resin column 
system employed for the detection of organic acids, the per¬ 
cent recovery of quinic, malic, and citric acids was measured 
after passage of known amounts of the acids through cation 
and anion resin columns and elution from the anion resin 
column with formic acid. The results of three separate 
experiments are shown in Table 1* The percent recovery was 
judged to be fairly good with an average of 87.6% quinic, 
87.4% malic, and 82.2% citric recovered form the anion resic 
column. 
The results of the organic acid analysis of fruits 
collected during the 1968 growing season from AMY and RRV- 
Figure 5. Tracing of typical gas chromatogram of 
methyl esters of apple pulp, chromato¬ 
graphed as described in "Materials and 
Methods". Arrow indicates termination 
of program temperatures. S = solvent; 
1 = fumarate; 2 = succinate (shown to 
be contaminant of resin column); 3 = 
malate; 4 = citrate; other peaks are 
unidentified. The symbol X refers to atten¬ 




















Table 1. Percent recovery of known amounts of quinic, 
malic, and citric acids after passage through 
cation and anion exchange resin columns and 
elution from the anion resin column with formic 
acid. 
Expt. No. Ouinic Malic Citric 
1 86.0 85 #2 72.0 
2 100.0 89.4 90.0 
3 76.7 88.5 84.7 
Avg. 87.6 87.4 82.2 
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infected trees are given in Table 2, and for the 1970 
growing season in Table 3. Figures 6 and 7 give a graphic 
presentation of the data in Tables 2 and 3> respectively. 
Results are expressed both on a dry weight basis (milli- 
equivalent acid/100 milligram freeze-dried tissue), and on 
a fresh weight basis (milligram acid/100 grams fresh weight). 
The quinic acid content of the fruits was virtually unaf¬ 
fected by both AMV and RRV infection during the course of 
the two growing seasons and at maturity. On the other hand, 
the content of malic acid in fruits from the virus-infected 
trees was, in several cases throughout the growing season, 
slightly lower than that of the healthy fruits. There were, 
however, some exceptions. 
In 1968, the malic acid content of fruits from AMV- 
infected trees was 26$ less than the control in June, (a 
difference statistically significant at the 1%> level), 
4.5$ less in July (significant at the 5$ level), 12.9$ 
less in August (not significant), but 12.8$ greater than 
the control in September (although not statistically signi¬ 
ficant). For the fruits from the RRV-infected trees, the 
malic acid content was the same as the control in June, 
15*8$ less in July (5$ level of significance), but 6.1$ 
greater in August (not significant), and 5$ greater in 
September (significant at the 5$ level). 
Table 2 Content of malic and quinic acids in fruits 
collected during the 1968 growing season fgom 
virus-infected and healthy McIntosh trees* 
Month Quinic Malieb 







 • .086 ** .112 
July .015 .016 .129 
* .135 
Aug. .006 .004 .081 .093 
Sept. .002 .001 .079 .070 
Month Quinic Malic 
RRV Healthy RRV Healthy 
June .048 .042 .119 .120 
July .011 .011 .096 * .114 
Aug. .005 .002 .087 .082 
Sept. .002 .003 .084 * .080 
a Each figure represents the average of three replicates 
and expresses the milliequivalents of acid/100 milligrams 
freeze-dried weight. 
"b * = Statistically significant at the 5.0$ level; 
** = Statistically significant at the 1.0$ level. 
Figure 6. Content of Malic (a-oand »--® ) and 
Quinic (^® and ®-“—® ) acids in fruits 
collected during the 1968 growing season 
from virus-infected (-) and healthy 
(-) McIntosh trees. 
A) AMV-infected vs. control, and B) RRV- 
infected vs. control, acid content ex¬ 
pressed on a dry weight "basis; C) .AM - 
infected vs. control, and D) RRV-infected 
vs. control, acid content expressed on a 
fresh weight basis. 
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TIME OE HARVEST DURING 1968 SEASON 
Table 3 Content of malic and quinic acids in fruits 
collected during the 1970 growing season fgom 
virus-infected and healthy McIntosh trees. 
Month Quinic Malicb 
AMY Healthy AMV Healthy 
June .026 .026 .170 .171 
July .004 .005 .107 * .127 
Aug. .001 .001 .082 .080 
Sept. .001 .001 .076 .078 
Month Quinic Malic13 
RRV Healthy RRV Healthy 
June .022 .021 .149 * .165 
July .003 .004 .097 ** .101 
Aug. .001 .001 .069 .076 
Sept. .001 .001 .066 * .069 
Each figure represents the average of three replicates 
and expresses the milliequivalents of acid/100 milli¬ 
grams freeze-dried weight. 
* = Statistically significant at the 5.0^ level. 
* = Statistically significant at the 1.0% level. 
b 
Figure 7. Content of Malic (o-aand a—«) and Quinic 
( o-—o and •—• ) acids in fruits collected 
during the 1970 growing season from virus- 
infected (-) and healthy (—) McIntosh 
trees. A) AMY-infected vs, control, and 
B) RRY- infected vs. control, acid content 
expressed on a dry weight basis; C) AMY-in¬ 
fected vs. control, and D) RRY-infected vs. 















































TIME OP HARVEST DURING 1970 SEASON 
In 1970 the malic acid content of fruits from AMV- 
infected trees was the same as the control in June, 15.7$ 
less than the control in July (significant at the 5$ level, 
only 2.6$ less in September (not significant), and 2.5$ 
greater in August (not significant). The malic acid con¬ 
tent of fruits from RRV-infected trees was significantly 
lower than in the control fruits throughout the growing 
season. It was 9.7$ less in June (5$ level), 4$ less in 
July (1$ level), 9.2$ less in August (not significant), 
and 4.5$ less in September (5$ level of significance). 
In addition, the case of the fruits harvested in 1970, 
the combined total of quinic and malic acids, as determined 
by gradient elution analysis, v/as compared to the total 
acidity, as determined by the titration of a one milliliter 
aliquot of each 25 milliliter sample used for gradient 
elution, without the previous passage of that aliquot 
through either a cation or anion exchange column (Table 4 
and fig. 8). As shown in these data, a very close correla¬ 
tion was obtained in the comparison of the total acidity 
with the total of malic and quinic acids in the case of the 
fruits collected from AMV-infected and healthy control tree 
However, in the case of the fruits from RRV-infected and 
control trees, the total acidity was consistently slightly 
greater than the combined totals of malic and quinic acids 
throughout the season, but particularly in June and July. 
Since this situation occurred in both diseased and healthy 
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Table 4. A comparison of the total acidity with the total 
combined acidity of malic and quinic acids in 
McIntosh fruits collected during the 1970 
growing season from AMV and RRV-infected trees, 









of M + Q 
June .188 .196 .190 .196 
July .107 .112 .119 .132 
Aug. .080 .083 .085 .081 









of M + i 
June .193* .171 .204 .186 
July .128* .100 .128** .104 
Aug. .073 .070 .081 .078 
Sept. .073** .067 .075 .070 
r 
a Each figure represents the average of three replicates 
and expresses the milliequivalents of acid/100 milli¬ 
grams freeze-dried weight. 
^ * = Statistically significant at the 5.0# level; 
** = Statistically significant at the 1.0# level. 
Pig. 8. Comparison of total acidity (-) with 
the combined totals of malic and quinic 
acids (-) in McIntosh fruits collected 
during the 1970 growing season from: 
A) AMV-infected trees, B) their healthy 
controls, C) RRV-infected trees, D) 





































TIME OP HARVEST DURING 1970 SEASON 
fruits, it was apparently not a result of virus infection 
and may only have been due to (l) the limits of the system 
of measurement, (2) the presence of other acidic components 
which are removed from the material prepared for gradient 
elution by passage through the cation exchange resin, or 
(3) an indication that other organic acids are present, but 
in small concentrations (citric acid, for example). On the 
other hand, since these differences were not observed in 
the case of AMV and its control, it is entirely possible 
that the differences observed in the case of RRV and its 
control are due only to experimental error. 
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SUGAR CONTENT 
The relative concentrations of the three main sugars 
in apple fruits collected during the 1968 and 1970 growing 
seasons from virus-infected and healthy control trees are 
shown in Tables 5 and 6. Virus infection of trees did not 
result in any major differences in sugar composition of the 
fruits during either of the two years that determinations 
were made. 
The results of 1968 indicate a slightly lower content 
of total sugars in fruits collected from AMV-injected trees 
in June, August, and September. However, when the content 
of the individual sugars was analyzed statistically, only 
the glucose content in the June fruits proved to be signi¬ 
ficantly different at the 5% level). No statistically sig¬ 
nificant differences were noted in the relative concentrations 
of the three sugars in fruits collected in 1968 from RRV- 
infected trees, nor in 1970 from AMV-infected trees. Also, 
virus infection had no significant effect on the sugar com¬ 
position of fruits collected in 1970 from RRV-infected trees, 
except for an increase in glucose in the infected fruits 
harvested in September. The glucose increase was signifi¬ 
cant at the Ifo level, but since this was not observed in the 
first three months of the growing season, or in the 1968 
data, these results are not considered to be particularly 
meaningful. 
Table 5. Relative concentrations of three sugars in apple 
fruit collected during the 1968 growing season 
from AMY-, RRV-infected, and healthy control 
trees. 
Harvest Date AMY- infected*3 Control 
S 0 Fc Total S 0 F Total 
June — .11* .09 .20 
— .15 .15 .28 
July .05 .17 .39 .61 .05 .17 .57 .59 
Aug. .02 .07 .59 .48 .05 .12 .41 .58 
Sept. .13 .16 .49 .78 .11 .17 .64 .92 
Harvest Date RRY-infected Control 
S G- E Total S G- F Toxai 
June .14 .20 .54 — .14 .19 .55 
July .04 .17 .35 .54 .06 .17 .51 .54 
Aug. .04 .12 .50 .66 .02 .11 .55 . 66 




1.15 .!2 .15 .85 1.12 
a Data is^expressed as relative optical density readings 
of 4 cni spots eluted from the paper chromatograms 
with 0.7 N~HCL in 80% ethanol, and read at 390 mu in 
a Spectronic 20. 
^ * significant at 5% level, as compared with control. 
c S = sucrose; 0 = glucose; F= fructose. Each figure is 
the average of three determinations. 
Table 6, Relative concentrations of three sugars in apple 
fruit collected during the 1970 growing season 
from A|1V-, RRV— infected, and healthy control 
trees. 
significant at if* level, as compared with control 
c S = sucrose; G = glucose; F = fructose 
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RESPIRATION 
During growing season: 
The results of experiments measuring both oxygen up¬ 
take and carbon dioxide evolution in apple fruit s collected 
during the 1970 growing season from both virus-infected and 
control trees, and the Respiratory Quotients (R#Q* or 
C02/02) determined from these data are given in Tables 7 
and 8. The oxygen and carbon dioxide measurements, deter¬ 
mined through the use of the Gilson Differential Respiro¬ 
meter, are the average of six replicates for all fruits 
collected in June, July and September. In addition, they 
are the average of three replicates for AMV-infected fruits 
and their controls, and the average of nine replicates for 
RRY-infected fruits and their controls in August. 
Virus infection appeared to have little or no effect 
upon the oxygen uptake or carbon dioxide evolution of in¬ 
fected tissues. The slight differences observed were 
statistically insignificant. The Respiratory Quotients of 
infected and healthy fruits were also very similar, sug¬ 
gesting virtually no effect of virus infection of the trees 
on the respiration of the fruits throughout the growing 
season. 
Respiratory climacteric: 
The effects of virus infection on the respiratory 
climacteric, as determined by carbon dioxide evolution 
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Table 7. Comparison of oxygen uptake, carbon dioxide 
evolution, and Respiratory Quotients (R.Q.) of 
McIntosh apple fruits collected in 1970 from 
AMV-infected and control trees. 
0^ uptake 
Sampling 
CO2 evolution R. Q. 
Date (ul/hr- gm dry wt) (ul/hr-g] til dry wt) (CCU/CU) 
AMV Control AMV Control AMV Control 
6/28 1073 1180 1280 1440 1.19 1.22 
7/28 413 390 674 669 1.63 1.71 
8/26 252 243 330 319 1.31 1.31 
9/26 199 212 312 311 1.56 1.46 
Table 8. Comparison of oxygen uptake, carbon dioxide 
evolution, and Respiratory Quotients (R.Q.) 
of McIntosh apple fruits collected in 1970 
from RRV-infected and control trees. 
0^ uptake 
Sampling 














RRV Control RRV Control RRV Control 
6/28 920 870 1200 1140 1.30 1.30 
7/28 493 506 710 670 1.44 1.32 
8/26 251 256 361 337 1.44 1.32 
9/26 201 206 305 323 L.53 1.56 
Figure 9. Respiration studies using the Gilson Differ¬ 
ential Respirometer: Comparison of oxygen 
absorption and carbon dioxide evolution in 
McIntosh apple fruits collected from virus- 
infected (broken line) and healthy control 
(solid line) trees, during the course of 
the growing season. 
A) AMV-infected fruits vs. control; B) 






















HARVEST DATE 1970 HARVEST DATE 1970 
measured in an Infrared Gas Analyzer, are given in Table 
9 and Figure 10 for the 1970 growing season. Measurements 
were also made in 1969 but the data were too erratic and 
therefore meaningless* The climacteric rise occurred in 
all cases about seven days after harvest; therefore, both 
AMY and RRY-infections appear to have no effect on the on¬ 
set of the respiratory climacteric. On the other hand, 
both viruses appear to have a considerable stimulatory 
effect on the height of the climacteric, with a maximum 
increase of 43/6 in the case of AMY infection, and a 29i° 
increase in the case of RRY infection. However, when the 
data were subjected to statistical analysis, the stimula¬ 
tory effects of virus infection proved to be insignificant. 
The reason for this probably lies in the fact that there 
were only two replicates in the case of the AMY-infection 
( all the fruits were taken from two trees), and three 
replicates in the case of RRY-infection (all fruits from 
three trees), where the increase was greater. If more in¬ 
fected trees had been used, the increase would probably 
have proven to be significant. 
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Table 9. C0? evolution, during the respiratory climacteric, 
of whole mature apple fruits collected from 
virus-infected and healthy trees, as measured by 
an Infrared G-as Analyzer, 
Days After 
Harvest 




16.9 17.0 16.8 15.7 
8.3 8.1 8.7 8.1 
5 12.5 11.6 10.2 10.3 
6 8.6 7.5 8.3 7.6 
7 9.7 7.8 10.5 8.8 
8 27.1 19.3 18.4 16.9 
9 29.5 21.3 20.6 18.8 
10 29.7 23.7 22.4 19.6 
11 28.0. 24.5 24.3 20.9 
12 25.5 24.1 23.7 20.0 
13 22.0 19.9 18.2 14.2 
14 16.5 15.2 16.8 13.8 
Figure 10. Measurement of the respiratory climateric 
in whole mature apple fruits collected 
from virus-infected (-) and healthy control 
(-) trees, as determined by carbon 
dioxide evolution detected with an Infrared 
Gas Analyzer. 
A) AMV-infected vs. control; B) RRY- 
























DAYS AFTER HARVEST DAYS AFTER HARVEST 
DISCUSSION AND CONCLUSIONS 
Although there is a considerable amount of information 
on fruit tree viruses and the symptoms they cause, as well 
as on the effects of viruses on the physiology of infected 
leaf tissue, there had been no attempts made to determine 
how, if at all, virus infection of fruit trees affects the 
physiology of the fruits. Moreover, there were no data on 
the effect of the presence or absence of fruit symptoms on 
the physiology of the fruit. The experiments described 
here were designed to determine whether virus infection of 
McIntosh apple trees affects the biochemistry and physiology 
of the fruits from those trees. 
With regard to the elution of organic acids from the 
anion resin column, the method of Wang and Maneini (1965) 
was employed because it was felt that it could better de¬ 
tect any minor acidic components which might arise as a 
result of, or whose concentration would be influenced by, 
virus infection. However, the method was very time-consum¬ 
ing, tedious and generally unsuitable for routine analysis, 
especially since only two major acidic components (quinic 
and malic) were being routinely detected, and this required 
a total of at least ninety 5 ml. fractions (Dig. 4A). 
Palmer*s (1955) elution system allowed the separation of 
these two acids in approximately 40 fractions (Pig. 4B). 
As the results of this study indicate, virus infection 
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did not drastically alter the amounts of quinic or malic 
acids, the two major acids in the fruits. However, the 
data from the 1968 and 1970 seasons reveal a tendency 
toward a slightly lower content of malic acid in the fruits 
from infected trees, as shown in Tables 2 and 3, and Pigs. 
6 and 7. This trend is perhaps a little more noticeable 
in the 1970 data. Moreover, there do not appear to be 
any differences between those infections where the fruit 
display symptoms (RRV) and where the fruit do not display 
symptoms (AMV infection). 
The citric acid content of fruits from infected and 
non-infected trees could not be compared because the amount 
of citric acid present in 100 or 200 mg. freeze-dried tis¬ 
sue was below the limits of the detection system employed. 
As an illustration of the low amount of citric acid, Hulme 
and Wooltorton (1957) reported that the citric acid content 
in the pulp of Bramley*s Seedling apples varied from 3 to 6 
mg/100 grams fresh weight compared with 1200-1700 mg/100 
grams for malic acid and from 100 to 1200 mg/100 grams fresh 
weight for quinic. In fact, the amount of citric acid 
present in 50 mg. freeze-dried tissue was just barely de¬ 
tectable when gas chromatography was employed (Pig. 5). 
The results of gas chromatography in the present in¬ 
vestigation correlate somewhat with those reported for 
apple pulp by Mazliak and Salsac (1965). These authors, 
however, report a sizeable amount of succinate and adipate. 
In this study most of the succinic acid present on chro¬ 
matograms seemed to he due to some contaminant of the anion 
resin column, through which the material was passed prior 
to gas chromatography. Another small unidentified peak 
observed in this study appears to correspond to the adipate 
of Mazliak and Salsac. On the other hand, the peak which 
these authors labeled as isocitrate was found to be more 
closely correlated with citric acid, and their citrate 
peak more closely correlated with isocitric in this study. 
As indicated in Table 1, the percent recovery of quinic 
and malic acids was approximately 87$. This recovery was 
Judged to be good, but it was not as complete as that ob¬ 
tained by Staples (1957) using Palmer!s gradient elution 
method for removal of acids from anion exchange resin col¬ 
umns. Staples obtained 99$ recovery of malic, 98$ of citric, 
102$ of succinic, but only 57$ of aconitic. However, when 
the contents of organic acids obtained in this investiga¬ 
tion are compared to others, very good correlation appears. 
Hulme and Wooltorton (1957) reported a malic acid content 
of from 1200 to 1700 mg/100 gm. fresh weight, and a quinic 
acid content of from 100 to 1200 mg/100 gm fresh weight. 
In this study a malic acid content of from 750 to 1400 mg/100 
gm. fresh weight, and a quinic content of from 100 to 1250 
mg/100 gm. fresh weight were obtained. 
* 
The trend for both quinic and malic acid changes was as 
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expected in 1968, but in 1970 the content of quinic acid in 
June was not as high as expected, and malic acid content 
appeared to be already at its peak in June. This apparent 
discrepancy can probably be explained by the fact that the 
June fruits in 1970 were picked about one week later than 
those of 1968. 
Results of the sugar analyses (Tables 5 and 6) consis¬ 
tently revealed the presence of fructose, glucose, and su¬ 
crose, the three main sugars. Virus infection appeared to 
have no effect on the concentration of these sugars, with 
the exception of a higher content of glucose and fructose 
in the RRV-infected fruits collected in September, 1970. 
However, the fact that this increase did not appear in tne 
previous year and did not occur earlier in the same year 
suggests that the difference is not meaningful. 
Actual comparisons of the concentrations of the three 
sugars obtained in this investigation with those of other 
workers (Hulme, 1958) cannot be made on a fresh or dry 
weight basis because only relative values were obtained in 
this investigation. Nonetheless, basic trends can be com¬ 
pared. As expected (Hulme, 1958), sucrose was present in 
the lowest concentration followed by glucose and fructose. 
Sucrose increased very slowly throughout the season while 
glucose remained constant. The fructose concentration in¬ 
creased up to the time of normal harvest. 
Results of respiration studies revealed no consistently 
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significant effects of virus infection on the respiration 
of fruits during the growing season. Also, although virus 
infection increased the height of the climacteric in both 
AMV and RRV-infection, these differences did not prove to 
he statistically significant. 
Respiration during the growing season (Tables 7, 8, and 
Pig. 9), compares very favorably with the results of others 
(Krotkov, 1941). Respiration per unit weight of fruit was 
high during the cell division stage (up to 3-4 weeks after 
petal fall) and then declined sharply after that until ma¬ 
turity and the climacteric rise. The Respiratory Quotients 
(R.Q.) obtained were very similar between fruits from healthy 
and virus-infected trees. There was also a slight increase 
in R.Q. as maturity approached in both cases. Once again, 
there was no apparent difference between infections where 
fruit symptoms developed (RRV) and those where only foliar 
symptoms were present (AMV). A discrepancy did seem to 
exist in the R.Q. values for AMV and its control harvested 
in July; both R.Q. values were high (1.63 and 1.71, re¬ 
spectively) when compared to those values preceding or 
following them. Since these R.Q. values were present in 
both AMV-infected and healthy fruits, and not in RRV-infected 
fruits, the difference is apparently not important, and per¬ 
haps reflects some experimental error. 
Table 9 and Pig. 10 show that in all cases (AMV-, RRV- 
infected and control fruits) the climacteric rise began 
about 7 days after harvest. AMV infection elicited a higher 
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increase in the height of the climacteric (43$) compared to 
the maximinn increase caused by RRV infection (29$)* Un¬ 
fortunately, none of these data were statistically signifi¬ 
cant but might be significant if a larger number of infected 
trees were available. With regard to commercial factors, 
the more important finding seems to be that virus infection 
did not result in an earlier onset of the climacteric. 
The possible effects of virus infection on the organic 
acid and sugar contents and respiration of the fruits might 
depend on the concentration of virus in the fruits, and/or 
on whether infection of the leaf tissue sufficiently al¬ 
tered the biochemistry of the leaves so that the effects 
were reflected in the composition of the fruit. 
There is no information on the concentration of either 
apple mosaic or russet ring viruses in fruit tissue, and in 
fact, only RRY exhibits fruit symptoms. It seems likely 
that any direct effects of virus infection on the physiolo¬ 
gy of the fruits would be most likely observed in the very 
young fruits where the cell size is small and cell division 
is rapid. After that time, any effects of virus multipli¬ 
cation might be masked by the volume of cells. When one 
considers the small and oftentimes conflicting biochemical 
effects that occur in infected leaf tissue, where there is 
a greater percentage of infected cells, then it is not sur- 
prising to find little or no change, with regard to organic 
acid-sugar composition, in the fruits where the virus con¬ 
centration is unknown and may be quite low or even absent. 
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On the other hand, doth AMV and RRV produce foliar 
symptoms, and these are particularly severe in the case of 
AMV infection. Since the main source of nutrition for the 
growing fruit is the leaf, it therefore seemed likely that 
biochemical alterations of the leaf tissue would be reflec¬ 
ted in the acid and sugar composition of the fruits. How¬ 
ever, this was not borne out by the present study, at least 
in regard to organic acids and sugars. Therefore, although 
apple mosaic virus infection, where no fruit symptoms develop, 
depresses yields, varying from slight reductions to as high 
as 55/6 (Posnette and Cropley, 1956, 1959), the foliar mani¬ 
festations of the disease are not reflected in the biochemistry 
of the fruit. 
Although, in general, most virus infections increase 
the normal respiratory pattern of infected tissues, the 
magnitude of the increase is not always the result of virus 
multiplication (Takahashi and Hirai, 1964; Menke and 
Walker, 1963). In the present study, no effect of virus 
infection on the respiration of the fruits, where virus 
multiplication may or may not be taking place, was observed 
during the growing season. Also, there was no effect on 
the onset of the respiratory climacteric, although one 
season’s data do reveal a virus-induced increase in the height 
of the climacteric in both AMV and RRV infections. Although 
the data were not statistically significant,they could very 
well have been significant if a sufficiently large number of 
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infected trees were available. In the present study only 
two AMY and three RRV-infected trees were used. However, 
a number of trees has been infected with both viruses in 
the University of Massachusetts experimental orchard in 
Belchertown, and these whould be available for possible 
future studies designed to more fully determine whether 
virus infection does indeed alter the height of the res¬ 
piratory climacteric. 
SUMMARY 
In the present investigation attempts were made to 
determine the effects, if any, of virus infection of fruit 
trees on certain aspects of the physiology and biochemis¬ 
try of fruits collected from those trees. 
The concentration of certain organic acids and sugars 
and the respiration of apple fruits infected wioh, either 
apple russet ring virus (RRV), which causes both foliar and 
fruit symptoms, or with apple mosaic virus (AMV), which in¬ 
duces only foliar symptoms, were determined. Fruits were 
collected at monthly intervals during two growing seasons 
from healthy and AMV or RRV-infected McIntosh trees. 
The organic acid content of freeze-dried samples pre¬ 
pared from healthy and virus-infected fruits was deter¬ 
mined by ion-exchange column chromatography. Virus infec¬ 
tion did not result in the appearance of any detectable new 
acids; the content of malic acid, one of the two major 
acids present, was slightly decreased by virus infection; 
there was no apparent change in quinic acid concentration 
in the infected fruit. Likewise, there was no effect of 
virus infection on the content of glucose, sucrose, or 
fructose, the three main sugars found in apple fruit. 
No differences in respiration were detected between 
healthy and diseased fruits during the growing season. 
Virus infection did not hasten or delay the onset of the 
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respiratory climacteric in mature fruit although, there was 
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